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ABSTraCT

In this study, the influences of the East Asian jet stream (EAJS) and El Nifio/Southern

Oscillation (ENSO) on the interannual variability of the East Asian winter climate are examined

with a focus on the relative climate impacts of the two phenomena. Although the variations of the

East Asian winter monsoon and the temperature and precipitation of China, Japan, and Korea are

emphasized, the associated changes in the broad-scale atmospheric circulation patterns over Asia

and the Pacific and in the extratropical North Pacific sea surface temperature (SST) are also

investigated.

It is demonstrated that there is no apparent relationship between ENSO and the interannual

variability of EAJS core. The EAJS and ENSO are associated with distinctly different patterns of

atmospheric circulation and SST in the Asian-Pacific regions. While ENSO causes major climate

signals in the Tropics and over the North Pacific east of the dateline, the EAJS produces

significant changes in the atmospheric circulation over East Asia and western Pacific. In

particular, the EAJS explains larger variance of the interannual signals of the East Asian trough,

the Asian continental high, the Aleutian low, and the East Asian winter monsoon. When the

EAJS is strong, all these atmospheric systems intensify significantly.

The response of surface temperature and precipitation to EAJS variability and ENSO is

more complex. In general, the East Asian winter climate is cold (warm) and dry (wet) when the

EAJS is strong (weak) and it is warm during E1 Nifio years. However, different climate signals

are found during different La Nifia years. In terms of linear correlation, both the temperature and

precipitation of northern China, Korea, and central Japan are more significantly associated with

the EAJS than with ENSO.



1. Introduction

It has been known that both the East Asian jet stream (EAJS) and El Nifio/Southern

Oscillation (ENSO) are important phenomena affecting the winter climate of East Asia and the

western Pacific. During the past several decades, substantial efforts have been devoted to

investigating the structure, maintenance, and variability of the EAJS as well as its impact on the

weather and climate in many Asian countries and their adjacent regions (e.g., Bolin 1950; Hsieh

1951; Smagorinsky 1953; Mohri 1959; Yeh et al. 1959; Krishnamurti 1961; Reiter 1963; Zhu

1966; Palm6n and Newton 1969; Zeng 1979; Huang and Gambo 1982; Wallace 1983; Gao and

Tao 1991; Liang and Wang 1998). Previous studies have shown that the EAJS is associated

closely with cyclogenesis, frontogenesis, blocking, and storm track activity on the synoptic time

scale and with orographic features and land-sea thermal contrast on longer time scales. It has also

been shown that the EAJS is linked to variations of the Hadley circulation (Palm6n 1951;

Bjerknes 1966; Hou 1998) and thus tropical convective activities (Chang and Lau 1980; Hoskins

and Karoly 1981; Webster 1981; Chang and Lum 1985; Kang and Held 1986; Lau and Boyle

1987; Yang and Webster 1990; Dong et al. 1999).

Since the 1980s, ENSO's impact on the East Asian climate has been investigated

extensively (e.g., Rasmusson and Carpenter 1983; Tao and Chert 1987; Huang and Wu 1989; Li

1990; Ding 1992; Webster and Yang 1992; Tomita and Yasunari 1996; Zhang et al. 1996; Kang

1997; Zhang et al. 1997; Cholaw and Ji 1999; Lau et al. 2000; Wang et al. 2000). Many studies

have been conducted to understand the relationship between ENSO and the Asian monsoon and

the role of ENSO in extreme weather and climate events such as serious floods/droughts and

persistent cold/warm episodes.

Nevertheless, many questions about the relationship among ENSO, the EAJS, and the

Asian-Pacific climate remain unanswered. Firstly, what is the relationship between ENSO and

the EAJS? The EAJS covers a wide range of longitudes over Asia and the Pacific and only the



portionoverthecentral-easternPacificshowsa significantrelationshipwith ENSO.Although

theincreasein strengthof thecentral-eastemPacificwesterliesduringEl Nifio yearshasbeen

consideredtheintensificationandeastwardshift of theEAJS(e.g.,RasmussonandWallace

1983),howtheEAJScorevarieswith ENSOremainsunclear.Secondly,whatarethefactorsthat

affecttheyear-to-year changesof theEAJSespeciallythejet core?SincetheEAJSis strongly

affectedby internaldynamics,it maynotbeaneasytaskto establisha stronglink betweenthejet

streamandsurfaceforcings.However,if theEAJSexertsa strongimpactonclimate,it is

importantto revealanonly moderaterelationshipbetweentheEAJSandslowly-varying surface

forcingslike seasurfacetemperature(SST).As discussedby previousstudies(e.g.,Lau andNath

1990,1996;Ting andWang1997;Robinson2000),featuresof theconnectionbetweenthe

atmosphericcirculationandSSTin theextratropicsarefar from beingconclusive.Another

importantquestionthat shouldbeansweredis abouttherelativeinfluencesof theEAJSand

ENSOontheEastAsianandPacificclimate.For anyparticularclimatesignalobserved,how

muchof it is causedby theEAJSandhowmuchis producedby ENSO?Althoughit is difficult to

separatethe influencesby ENSOandtheEAJS,therelativecontributionsof thetwo phenomena

to aspecificclimatesignalcanbeassesswith certainconfidenceif anorthogonalrelationship

existsbetweentheEAJSandENSO.

In this study,weattemptto obtainusefulinformationfor answeringtheabovequestions.

We will examinetheinterannualrelationshipbetweenENSOandtheEAJS.Wewill explorehow

ENSOandtheEAJSareconnectedto theatmosphericcirculationpatternsovertheAsian-Pacific

regions.Our focuswill beplacedon thechangesof atmosphericcirculationsystemsandPacific

SSTassociatedwith ENSOandtheEAJS.Wewill alsoemphasizeontheresponseof theEast

Asian winter monsoon and the temperature and precipitation of Asian countries to ENSO and the

variability of the EAJS.

This paper is laid out as tbllows. In section 2, major features of the data sets used are



described.In section3, wediscusstherelationshipbetweentheEAJSandENSOandcomparethe

atmosphericteleconnectionpatternsandSSTdistributionsthatareassociatedwith thetwo

phenomena.Therelativeimpactsof theEAJSandENSOon theinterannualvariability of East

Asianwinter climatemeasuredby temperatureandprecipitationfieldsarediscussedin section4.

Finally, thestudyis summarizedin section5.

2. Data sets

The primary data used in this study are the winds and geopotential height from the

reanalysis product of the US NOAA National Centers for Environmental Prediction (NCEP) and

National Center for Atmospheric Research (NCAR). Other data sets include the NCEP Climate

Prediction Center Merged Analysis of Precipitation (CMAP), NCEP reconstructed SST, and the

surface air temperature (Ts) from the US NASA Goddard Institute for Space Studies (GISS). To

depict detailed, regional climate features, we also analyze the station data precipitation and

surface air temperature from China, Japan, and Korea (data obtained from

ftp://ftp.ncdc.noaa.gov/pub/dataJghcn/v2; Peterson and Vose 1997). In addition, Southern

Oscillation Index (SOI), the normalized difference in sea level pressure between Tahiti and

Darwin, is applied in this study.

The horizontal resolutions of data are 2.5°x2.5 ° (latitude by longitude) for the NCEP/NCAR

reanalyses (Kalnay et al. 1996) and CMAP precipitation (Xie and Arkin 1997), and 2°x2 ° for the

GISS Ts (Hansen et al 1999) and NOAA SST (Smith et al. 1996). Because of the limitation in

data availability, different periods of the data sets (1949-99 for NCEP/NCAR reanalyses, 1950-

98 for GISS Ts, 1979-99 for CAMP precipitation, and 1950-99 for NCEP SST) are analyzed.

The analyses of this work are all based on monthly values from which seasonal means are

computed.
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3. Broad-scale characteristics

It can be seen from Fig. la, which shows the 1949-99 December-February (DJF)

climatology of U200, that the EAJS is one of the major atmospheric circulation systems over the

Northern Hemisphere during winter. The EAJS is the strongest westerly jet stream with a

maximum zonal wind speed greater than 70ms -1 over the ocean immediately to the south of

Japan (around 32.5°N, 140°E). In spite of its intensity, the center of EAJS does not vary

substantially from year to year in both magnitude and location, due probably to the effect of the

Tibetan Plateau (Ramage 1952). The standard deviation of the DJF EAJS maximum is 4 ms -1,

about one half of that of the westerlies over subtropical central North Pacific. Out of the total 50

DJFs from 1949 to 1999, the maximum of EAJS appears over 32.5°N,140°E 15 times.

Latitudinally, it is located over 32.5°N 44 times and shifts southward to 30°N once and northward

to 35°N five times. Longitudinally, the maximum of EAJS is usually located within 135-150°E,

mostly appearing over 140°E or two grids (5 degrees) to the east or west of the longitude.

One of the important features of Fig. 1 is that the variations of the EAJS maximum are not

strongly related to ENSO (Fig. lb). Indeed, the simultaneous DYF correlation between SOI and

the grid-point U200 is close to zero near the EAJS core. The largest westward shift (DJFs of

1950/51 and 1968/69) and eastward movement (DJFs of 1960/61 and 1986/87) of the EAJS occur

irrelevantly to ENSO events. (While 1968/69 and 1986/87 are E1 Nifio years, 1950/51 and

1960/61 are, respectively, La Nifia and non-ENSO years.) In addition, neither of the two seasons

during which the EAJS is the strongest (80 ms -_ in DJF of 1976/77 and 82 ms -_ in DJF of

1980/81) is an ENSO winter. On the other hand, besides the U200 over many tropical regions, the

westerlies over the subtropical central-eastern Pacific are significantly correlated with ENSO.

The strong relationship between these westerlies and ENSO often overshadows the relationship

between ENSO and the East Asian-Pacific jet stream.

The weak relationship between ENSO and the EAJS core suggests that the two phenomena
5



mayplay differentrolesin modulatingtheclimateof theEastAsianandPacific regions.It also

demonstratestheneedof measuringthevariabilityof EAJSandassessingits climateimpact

appropriately.Thesmallmigrationof theEAJScorefacilitatestheconstructionof an indexthat

measuresthejet stream.We definethis indexastheyearlyDJFU200averagedwithin 30-35°N

and 125-165°E(seeFig. lc), anareathat coverstheEAJScoreof all winters.Thereis no

apparentrelationshipbetweenthis indexandSOI,which is alsoshownin Fig. lc, with anear-

zerocorrelationbetweenthetwo timeseries.

Figure1d showsthecorrelationbetweentheEAJSindexandgrid-point U200.The

dominantfeatureof the figureis thatthevariability of EAJSis associatedwith a northwest-

southeastorientedteleconnectionpatternoverAsiaandthewestern-centralPacific.Thispattern

is nearlyidenticalto thecorrelationpatternin whichtheEAJSindexisreplacedby theone-point

U200timeseriesof theclimatologicaljet corelocation(32.5°N, 142.5°E).Thepatternof Fig. ld

differs substantiallyfrom theENSO-relatedteleconnectionpatternshownin Fig. lb. Exceptfor

theAsian-Australian monsoonregions,theENSO-relatedfeaturesaremainlyconfinedto the

eastof thedateline,orientedin anorth-southdirectionoverthecentral-easternPacific.At the

locationswhereSOI-U200 correlationsarestrongest,theEAJS-U200correlationsareamongthe

weakest,andviceversa.ThedifferencesbetweenFigs. lb andld imply thattheEAJSandENSO

areassociatedwith two differentmodesof theatmosphericcirculationovertheAsian-Pacific-

Americanregions.Thesetwo modelsareconfirmedby calculationsof theempiricalorthogonal

function(EOF)of DJFU200(figuresnot shown).While thefeaturesof thefirst EOFmodeare

similar to thoseshownin Fig. lb, andsecondEOFmodecapturesfeaturessimilar to thoseshown

in Fig. ld.

In brief, the interannualvariabilityof thecenterof EastAsianjet streamis not strongly

correlatedwith ENSO.Instead,theEAJSandENSOareassociatedwith two distinctly different

circulationpatternsoverAsiaandthePacific.Wewill revealthedetailedfeaturesof thesetwo
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teleconnection patterns shortly and discuss their association with regional climate in the next

section.

Figure 2 shows the regression patterns of 500 mb geopotential height (H500) against,

respectively, the EAJS and SOI. During winter, one of the major circulation systems at 500-mb

level is the East Asian trough, which is anchored along the east coast of East Asia and extends

from the Sea of Okhotsk through Japan to the East China Sea. It can be seen from Fig. 2a that the

trough deepens when the EAJS strengthens. Associated with the intensified EAJS and trough is

an adjustment of the large-scale circulation system over Asia and the Pacific. H500 decreases

significantly to the east and increases to the northwest of the trough. Such an adjustment is

associated with a wave-train pattern that spans the entire extratropical Northern Hemisphere.

Thus, the variation of EAJS is linked to a teleconnection pattern that also affects the climate

outside the Asian-Pacific regions.

The variations of H500 that are associated with ENSO (Fig. 2b) differ clearly from those

shown in Fig. 2a. Although ENSO produces very significant signals over the Tropics, it causes

much smaller changes over extratropical Asia. In addition, the locations of ENSO-related centers

of the H500 variance over the central Pacific and North America are further eastward, compared

with those associated with the EAJS.

Figure 3a shows the pattern of regression of 850-mb wind vectors against the EAJS index

and that of the correlation (shadings) between the EAJS and grid-point SST. Associated with a

strong EAJS is a broad-scale cyclonic pattern over the North Pacific, with strong changes over

the Aleutian Islands and the Gulf of Alaska. An intensifying EAJS also gives rise to a stronger

Asian continent high and thus stronger winter monsoon in East Asia (see more detailed

discussions in the next section). In addition, significant EAJS-related signals can also be seen

over North America and the Atlantic. These changes in the atmospheric circulation link to

anomalies in the fields of precipitation and temperatures, which will be shown in the next section.



Figure 3a also indicates that associated with a strong EAJS are negative SST anomalies in

the subtropical North Pacific including the East China Sea, the Yellow Sea, and the Sea of Japan.

Over the extratropical oceans, the wintertime atmospheric signals are characterized by barotropic

nature. When the EAJS intensifies, the underneath near surface winds over 25-42°N become

stronger (figures not shown). The intensifying surface wind causes strong mixing, evaporation,

and probably upwelling in some coastal regions, and decreases the SST. A strong EAJS is linked

to positive SST anomalies in the area from the tropical western Pacific to subtropical eastern

Pacific. These anomalies are associated with the weakening of the northeasterly trade winds over

the ocean domains.

ENSO is connected to lower tropospheric wind and SST patterns that are very different

from those shown in Fig. 3a. It can be seen from Fig. 3b that ENSO links dominant signals in the

Tropics, where only moderate features are accounted for by the EAJS. Over the North Pacific, a

cyclonic pattern appears during E1 Nifio years but its center shifts eastward compared with that

shown in Fig. 3a. Significant difference exists over the Asian continent and extratropical western

Pacific where the EAJS seems to exert a larger climate impact than ENSO does (also see

discussion in the next section). The East Asian winter monsoon is weaker during E1 Nifio years,

mainly over the South China Sea, the East China Sea, and southern China. The weaker monsoon

circulation is consistent with the smaller surface temperature gradients between the Asian

continent and surrounding oceans.

4. Regional features

In this section, we will depict the relative influences of the EAJS and ENSO on the regional

climate of East Asia and western Pacific that is measured by two basic fields: temperature and

precipitation. Figure 4 shows the composite pattern of difference in DJF surface air temperature

between strong and weak EAJS years (Fig. 4a) and that between E! Nifio and La Nifia years (Fig.



4b). Thedominantfeatureof Fig.4a is thecoolingoverthemid-latitude EastAsiaandwestern

Pacificandthewarmingin thehighlatitudesassociatedwith astrongEAJS.Whenthejet stream

is strong,apparentcooling occursin China,Korea,Japan,andmanySoutheastAsiancountries.

As expected,ENSOcausesmuchstrongersignalsoverthetropicalPacific(Fig. 4b). Over Asia,

warm conditions prevail during E1 Nifio years (or cold conditions during La Nifia years). A

careful examination of the figure indicates that the change in Ts is more apparent in Fig. 4a than

in Fig. 4b for East China, Korea, Japan, and their adjacent areas.

Shown in Fig. 5 are the composite patterns of precipitation variations associated with the

EAJS and ENSO. A strong EAJS causes less precipitation in the middle latitudes and more

precipitation in the lower latitudes over Asia and the western Pacific and produces opposite

signals over the central Pacific. When the EAJS is strong, precipitation reduces clearly in eastern

China, Korea, and central-southern Japan. The EAJS-related change in East and Southeast Asia

shown in Fig. 5a is consistent with the intensification of the Hadley overturning (see Fig. 3a) that

depresses (enhances) atmospheric convection in the extratropics (Tropics). This result is in

agreement with that of Chang and Lau (1980) and Lau and Boyle (1987) who showed that a

strong jet stream is associated with enhanced convective activities over the tropical western

Pacific and maritime continent.

Although E1 Nifio produces more precipitation over Northeast China, Korea, and the Asian

land areas around 20°N, it mainly causes strong signals in the Tropics, e.g., enhanced

precipitation over the equatorial central-eastern Pacific and reduced precipitation over South and

Southeast Asia (Fig. 5b). Indeed, only relatively weaker, mixed ENSO-related signals appear

over the subtropical-extratropical Asian continent.

We now examine the more regional features of the response of East Asian climate to ENSO

and the variability of EAJS. Figure 6 displays an index that measures the interannual variability

of the East Asian winter monsoon. The index is defined as the normalized values of the DJF 850-
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mb meridionalwind that isaveragedoverthedomainof 20°-40°N, 100°-I40°E. In thefigure,

thevaluesassociatedwith strongEAJS(solidbars),weakEAJS(openbars),E1Nifio (E), andLa

Nifia (L) yearsareindicated.It canbeseenthatthemonsoonis usuallystrongwhentheEAJSis

strong,andviceversa.For example,amongthe23yearsof strongmonsoon(negativevalues),the

EAJSis strongerthannormalin 16yearsandweakerthannormalin sevenyears.Amongthe22

yearsof weakmonsoon,theEAJSis weakin 16yearsandstrongin sixyears.For theperiod

1949-99,thecorrelationbetweentheEAJSandthemonsoonis significantwith a coefficientof

-0.51. Figure6 alsoindicatesthatthevariability of themonsoonis alsolinked to ENSO.During

theeight E1Nifio years,themonsoonisweakerthannormalin sixyearsandstrongerthannormal

in two years.However,during the11LaNifia years,themonsoonis strongin six yearsandwaek

in five years.For theentireperiodexamined,thecorrelationbetweenthemonsoonandSOl is

weaker(R = -0.37) thanthemonsoon-EAJScorrelation.

Figure7 showstheyear-to-year variationsof thenormalizedsurfacetemperaturefrom

stationsof northernChina,Korea,andcentralJapan(seefigurecaptionsfor the list of the

stations).As in Fig. 6, thevaluesassociatedwith strongEAJS,weakEAJS,E1Nifio, andLaNifia

yearsareindicated,respectively,by solidbars,openbars,E, andL. For theentire50yearsfrom

1950to 1999,thecoefficientof correlationbetweentheEAJSwith thetemperatureof China,

Korea,andJapanis respectively-0.24, -0.55, and-0.60. In spiteof therelativelyweak

correlationfor China,thesenumbersarelargerthanthecoefficientsof correlationbetweenSOl

andthetemperature,whichareconsecutively-0.17, -0.25, and-0.35. For all threeregions,

above-normalTsoccursmostlyduringweakEAJSyears.In addition,mostof thebelow-normal

Ts in bothKoreaandJapanappearswhentheEAJSis strong.

Accordingto Fig. 7, theEastAsiantemperaturehasastrongerlinearrelationshipwith the

EAJSthanwith ENSO.However,thefigure alsoindicatesthatabove-normalTsappearsduring

mostof themajor E1Nifio events(for Korea,similar to theresultof Kang1997)andthatthereis
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noapparentrelationshipbetweenTsandLa Nifiaevents.

Similar to Fig. 7, Fig. 8showsthevariabilityof thenormalizedprecipitationof northem

China,Korea,andcentralJapan.UnlikeFig. 5wheretheCMAPprecipitationsince1979is

analyzed,Fig. 8 depictsprecipitationvariability since1949.Themostprominentfeatureof the

figureis thattheprecipitationof theseregionsis stronglycorrelatedwith theEAJSbut notwith

ENSO.Thecoefficientsof correlationbetweentheEAJSandprecipitationare-0.51 for China,

-0.70 fbr Korea,and-0.57 for Japan.TheassociationbetweenstrongEAJSandweak

precipitation(or betweenweakEAJSandstrongprecipitation) occursmorefrequentlythanthe

oppositeEAJS-precipitationrelationship.Onthecontary,theSOl-precipitationcorrelation

coefficientsareonly -0.05 for China,-0.21 for Korea,and-0.17 for Japan.Thefigureindicates

thatmajor ENSOeventsdo notcauseconsistentprecipitationanomaliesin EastAsianregions,

exceptthatsix outof theeight Nifio eventsareaccompaniedby above-normalprecipitationin

Korea.

5. Summary

In this study,theinfluencesof theEastAsianjet stream(EAJS)andENSOon the

interannualvariability of theEastAsianwinterclimatehavebeenexaminedwith afocuson the

relativeclimateimpactsof thetwo phenomena.Althoughthevariationsof theEastAsianwinter

monsoonandthetemperatureandprecipitationof China,Japan,andKoreahavebeen

emphasized,theassociatedchangesin thebroad-scaleatmosphericcirculationpatternsoverAsia

andthePacificandin theextratropicalNorthPacificSSThavebeeninvestigatedaswell.

It hasbeendemonstratedthatthereis noapparentrelationshipbetweenENSOandthe

interannualvariability of EAJScore.Thetwo phenomena,whosevariationsaresimilar to thetwo

gravestmodesof theEOFof the200-mbzonalwind overAsiaandthePacific,areconnectedto

distinctlydifferentpatternsof atmosphericcirculationandSSTdistributions.ENSOcausesmajor
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climatesignalsin theTropicsandover theNorthPacificeastof thedateline.During E1Nifio

years,theEastAsiawinter monsoonis usuallyweak,leadingto awarmregionalclimate.

However,thereis noclearrelationshipbetweenLaNifia andtheEastAsianwinter climate

includingthemonsoonandtemperatureandprecipitationfields.As aresults,the linear

correlationbetweenENSOandtheEastAsianclimateisvery weak,atleasttbr theperiod1949-

99.

Comparedto ENSO,theEAJSproduceslargerchangesin theatmosphericcirculationover

EastAsiaandthewesternPacific.In particular,theEAJSexplainslargervarianceof the

interannualsignalsof theEastAsiantrough,theAsiancontinentalhigh,theAleutian low, andthe

EastAsianwintermonsoon.WhentheEAJSis strong,all theseatmosphericsystemsintensify

significantly,andEastAsia is characterizedby acold anddry winterclimate.Oppositeclimate

signalsappearwhentheEAJSisweak.In termsof linearcorrelation,boththetemperatureand

precipitationof EastAsia regionssuchasnorthernChina,Korea,andcentralJapanaremore

significantlyassociatedwith theEAJSthanwith ENSO.

It hasbeenunderstoodthatENSOaccountsfor only partof theanomaliesof theEarth's

climate.In EastAsia, theimpactof ENSOon theregionalclimateis only moderateeven

relativelyweak.Therefore,limitationexistsin theskills of predictingtheclimatebasedsolelyon

ENSO.This studyhasdemonstratedtheimportanceof theEAJSfor understandingthevariability

of theEastAsianclimate.It hasalsosuggestedthatto improvethepredictionof Asianclimate,

theEAJSshouldbeconsideredasanimportantfactor.This is particularsogiventhatthe

variability of theEAJSisconnectedto theSSTin extratropicalwesternPacific.Furthermore,the

EAJSalsocausesvariability in theclimateof theeasternPacificandNorthAmerica(Yang et al.

2000).Thejet streamactslike a atmosphericbridgein connectingtheclimatesignalsin Asiaand

America.New evidenceof suchacross-Pacificteleconnection,linkedto theAsianmonsoon,has

recentlyprovidedby LauandWeng(2000).To gainabetterunderstandingof thevariationsof
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climatein theAsia-Pacific-Americaregions,it is necessaryto conductmoreinvestigationsinto

theassociationbetweentheEAJSandtheNorthPacificSSTandinto theimpactof EAJSon the

climateoutsidetheAsianandwesternPacificregions.
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Figure captions

Fig. 1. (a) 1949-1999 climatology of DJF U200 (ms -_) from NCEP/NCAR reanalysis product.

Values > 40 ms -_ are shaded. (b) DJF correlation between SOl and the U200 at each grid

for the period from 1949 to 1999. (c) Normalized time series of the EAJS (DJF U200

averaged over 30-35°N, 125-165°E) and SOI. The correlation between the two time series

has a coefficient of 0.05. (d) DJF correlation between the EAJS and the U200 at each grid

for the period from 1949 to 1999. Values > 99% confidence level are shaded in (b) and (d).

Fig. 2. Regressions (in m) of the DJF 500-mb geopotential height (H500) against the EAJS (a)

and against negative SOl (b). Shadings indicate the areas where the correlation of I-I500

with EAJS (or with SOI) is significant at the 99% confidence level.

Fig. 3. Vectors represent regressions (in ms -1) of the DJF 850-mb winds against the EAJS (a)

and negative SOl (b). The shadings indicate the correlation between the EAJS and SST (a),

and between negative SOl and SST. Only the information that is statistically significant at

99% confidence level is shown in the figure.

Fig. 4. (a) Composite pattern of the difference in Ts (in °C) between strong and weak EAJS

years. The strong EAJS category includes the DJFs of 1952/53, 61/62, 67/68, 69/70, 76/77,

80/81, 83/84, 94/95, and 95/96. The weak EAJ category includes the DJFs of 1953/54,

58/59, 68/69, 71/72, 72/73, 78/79, 89/90, 91/92, and 92/93. (b) Composite pattern of the

difference in Ts between E1 Nifio and La Nifia years. The E1 Nifio years include 1951/52,

57/58, 58/59, 72/73, 77/78, 82/83, 86/87, 91/92, and 97/98. The La Nifia years include

1950/51, 55/56, 61/62, 66/67, 70/71, 73/74, 75/76, 88/89, and 96/97.

Fig. 5. (a) Composite pattern of the difference in precipitation percentage (divided by

climatology) between strong and weak EAJS years. The strong EAJS category includes the

DJFs of 1980/81, 83/84, 94/95, and 95/96. The weak EAJ category includes the DJFs of

1978/79, 89/90, 91/92, and 92/93. (b) Composite pattern of the difference in precipitation
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percentagebetweenE1Nifio andLa Nifia years.TheE1Nifio yearsinclude1982/83,86/87,

91/92,and97/98.TheLa Nifiayearsinclude1981/82,88/89,96/97,and98/99.

Fig. 6. EastAsianwinter monsoonindexdefinedasthenormalizedarea-averagedvaluesof the

meridionalcomponentof DJF850-mbwinds(ms-j) ore (20°-40°N, 100°- 140°E).The

valuesof strongandweakEAJSyearsareshownby solidandopenbars,respectively.The

lettersE andL standfor E1Nifio andLaNifia. Thecoefficientsare-0.51 for theEAJS-

monsooncorrelationand-0.37 for theSOl-monsooncorrelation.Thelabel1950in x-

coordinaterepresentstheseasonfrom December1949to February1950.

Fig. 7. NormalizedDJFsurfacetemperaturefor (a) Chinesestations(Beijing,Qingdao,

Shenyang,Taiyuan,andYinchuan),(b) Koreanstations(Kangnung,Mokpo,Pusan,Seoul,

andTaegu),and(c) Japanesestations(Kanazawa,Nagoya,Osaka,Shionomisaki,and

Tokyo).The valuesof strongandweakEAJSyearsareshownby solidandopenbars,

respectively.ThelettersE andL standfor E1Nifio andLaNifia.TheEAJS-temperature

(SOl-temperature)correlationcoefficientsare-0.24 (-0.17) for China,-0.55 (-0.25) for

Korea,and-0.60 (-0.35) for Japan.

Fig. 8. NormalizedDJFprecipitationfor (a)Chinesestations(Beijing,Qingdao,Shenyang,

Taiyuan,andYinchuan),(b) Koreanstations(Kangnung,Mokpo,Pusan,Seoul,and

Taegu),and(c) Japanesestations(Kanazawa,Nagoya,Osaka,Shionomisaki,andTokyo).

Thevaluesof strongandweakEAJSyearsareshownby solid andopenbars,respectively.

ThelettersE andL standfor E1Nifio andLaNifia. The EAJS-precipitation (SOl-

precipitation) correlation coefficients are -0.51 (-0.05) for China, -0.70 (-0.21 ) for Korea,

and -0.57 (-0.17) for Japan.
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(a) Regression of H500 Against EAJS (DJF)
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(b) Regression of H500 Against Negative SOl (DJF)
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(a) EAJS Related SST and 850-mb Wind Patterns
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(b) Negative SOl Related SST and 850-rob Wind Patterns
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(a) Difference in DJF Ts ([S-W)
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(a) Diff in DJF Precip Percentage (S-W)80N
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,_(a) China Temp (DJF)
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,_(a) China Prec (DJF)
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